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(54) [«l«©«Jfts] SYbi!f'Jr>A»^b-&'»i|s«<*:«>ie*^ 



(57) \Wm 

— 7°n^GaAlN S3 (ng) , GaN ®4 (f&ttS) , Mg 
K— 7°GaAlNg5 (p^) ^^JI^^^HTV^So K— 7°Ga 
AlN/iS (pil) ±iiSiO,;i7SrltWLfcfI, St Irani. 

m>on m(7)m.mm^m. 7 A^ggit, K-7°GaAiN m 5 

(pS) <0^8ro^^)-i:. Si K— 7°nS!GaAlN gS (n 




(2) 

1 

^mi^ ( (Al .,Ga:-.,) „ In,.,,N : 0 g x 1 g 1, 0 g y 1 ^ 1 ) 
^it^V P J^mt-^^^mt^ ((Al.,Ga,.JrtIn,.rtN: 

a,..,)rtIn-^N:0gx3g 1. O^ySg 1) *»t>^5 pMbi^ 

tuT V > 5 i t ^#?iS! t -r 5 tfi*^ 1 Ti^fgjjt^g 4 V ^■r 

jt i: i-Sff 1 TiMti^JS 5 >Ttb^» 1 JgfJifE^*^ 
Mit:^ V ^ M.^it-^^^mi^^^m'l'o 30 

3Si 7!7Sls*:«6rov^■rH^^l«^-lE«c<©^•^t;*fy 57 

i. 6H-SiC. G a N^^PjfiK5SlS±{-?^^ 

[1**^9 1 HtifEn;i. mtimam. BiifEp^i*^ s 40 

6H-SiC, Xli. G a Nd^bfi!cSS^g±lw?l^fiK 

iJ ^ j^mt-kmnmrnm^'^o 50 
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2 

[0 0 0 1 ] 

[0 0 0 2] ^^m<owitm'f-. m7L\ts ^mt\^-^ 

m^i^^.^.l^it&SI- i-S ((ALGa,.J,In,.,N:Ogxg], 0 
gygl)@cop^{bft«^S^t LT. iKfclrP^^^fc 
a^S^JOX-T, |D«)T. ((Al.Ga,,),In,-,N:0^xgl, 

[0 0 0 3] 

y |>i^ryV5::i^7A (InGaAlP)^5SH^B{:iJ: ^\fm-^nX 

~0. 7 ;/m^ic:jS-r5o 
[0 0 0 4 J 

[0 0 0 5J (Al.Ga,-.),In,.,N , GaN UM^iZ 

(H. Amano ^;Japanese Journal of Applied Physics 
»29#1990¥ L205-L206M) o :L(DZ.ti>^h. 

[0 0 0 6] i,*^\^fj:f)^h. ±.m7hm(Dit-km^m-w\-i- 

P M^SSb^bS? SItO{^Sa^5 SUIT- 5 ft . iiffi tiSij 5 * 
f(Al.Ga,.JJnwN ^ffiV^fcmsSiiAl- i 2>¥^»f*^' 
[0 0 0 7] ±t2©slli^fi?*i-S;^c>^{c:^!)t 

[0 0 0 8] 

Tn-rmt^v ^J^?^it'k!^^^m^^ ((Ai.,Ga,^,)„in 

,.„N:0gxl^l.0^ylSl)*>bfife5nSi:, ^•ft;;^ y I> 
i*^^t;^!|^¥5S:flJ ((Al.,Ga,-J,Jn,-„N:0^x2^1,0 
gy2gl);5^b^5Si, p^^mt3lS:;?r^-r^{li;yy 
S{b-^«^¥*«J ((Al.»3a,-.,),,In,.„N:0Sx3gl. Og 

[0 0 0 9] :5i, ft!icoigpjii, 5g5tSf7-i*, i^-ify-r 



(3) 
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± $ ttT V ^ 5 ® & 5/ ^ >- L T S W $ ivfe E 

f- 7 T T sts± $ 4^T V ^ 5 r i ^ iit m t -r s . 

:5l, ffiOS^Wlis nm. Stt®, p^«, S i, 6H- 
S i C, Xia, G a N*>e>fiK5StR±{-?^fi£$iXTV^S 

Si, 6H-SiC, 3114, G aNA^h^^&Wi 
±i^m^^ixXid*). ng{c^-rsm®:i5StEW«ffil- 

[0010] UT. d^(ox t> mn)i^t-r^ t -h-^mx-^ 
it^m^m{^x'miii.vxh0i^\ pn^^sr, mmmm 

m^h^i>st<Dm^\^i:'om^]^xi>S:\'\ 
lo 0 1 1] X, mmmm(oitm^^yi-^\'^m (.m^m) 
m:s.tmmmmRxfm^Bmmi!)^m-x\tm^i9 . ^ 
<omi>^Mi.xmm^^(Ditme^:fz%\>^mxmAyrmm^ 

^r-rsr i^&#jS![i:■r•5. 30 
y ?'i*^it^4^^»ft:*»bfi£'5Slim^i^^RgMUrp 

mit^'ititm^^hxi,&\>\ 

lO 0 1 51 StEJwti, iJ-^T'fT, Si, 6H-SiCXttGa 
(0016) 

li¥mS.rJ^W<] ((Al.Ga,..),In,-,N:Ogxgl,Ogyg 
l)i|i^^$:(:::}3V^T, i ?) , i9[J«)TpS'S^ 

loo I 7) :*:|§P;!coJ: ^i-m^^^SS-l^iaailriSCAl. 

Ga,j,]n,.,N <Dpmimw<t. mm^ii^-t i> ^ t\c 
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lo 0 1 8) 

y 57 Vi;'^-^ (Al.Ga,J Jn,-,N*?gfBf^$i!fflS:K 

-fyy^T, 3^*(Si).6H -^{bSMf (6H-SiC) JfeV^ 
bS^t;;^/y 5'i>,(GaN) ^;i!v^5i tiiST'#^>o 
10 0 1 9] 7 4 T ^m^ii-ti>'^%\:-\-t'pfi< t 

t(£Ja (fii'ilx.tfSitieoo "c) r-Jta ufcAiN »)W^r^tf® 

10 0 2 0) Sitr«tgi:-r5#-^(C«'>/i < i t)3C-SiC 

^)!i-a;5^i£vMS3c-siCf«?.fl^si>'AiN mm<o-m^-tu 
N ^mmmt-r^<Dtm^L^\ GaN 

lrf4ES5¥iSA^^i^-JStTi&iPHS„ Si.6H-SiC SlKaN 
loo 2 2) *-r, |5]— #flfig|RidrCOS£fBl;i<t?) p ng^-g- 
■rS^-g-, (Al.Ga,..)vIn,.,N SrfigS^-frSiSfilfJr, & 

[0 0 2 3) ^(Om. Al^-t-tffb-^ifec^^A&Jhfe, & 

± 5 liAl^-^mt-^ife, 1> A(Ga) ^■^tffk-a-ft^i.t/ 
-Y ^-t? l> ^ (In) €r^?><t;-a-1^*^A UT n S! (Al jGa,..) 

10 0 2 4) i<^)l^^nM*ii^fBrojg^*?rTlf 
5;fe»{CSi. g?lg(0).fii!tM(S).-feU'>'(Se). T^/WWCTe) 

L-Xh^^\ 

10 0 2 5) }f-r—^m.^i: K- f^^'i-SiJ-g-, ^(^? 

mmcmLxitnmi^i^—iz. k— f:^^^Lrt.^''\ 

(0 0 2 6) jSfeJci, —It, !>3iyNSrfiKftr:S^?>ffit"!)ttl 
10 0 2 7) < i t F;fM(^«la%#Ifi!c t /.e 5 i P Al 

^'i^(cd), ^^(c) ^^tf{L^i|^^;«fir!;i»ALrT 

:J'-tr7°:#'^«^^ K-7°Lf::(Al.Ga,.J,]n,-,N 
(p@) <^i>S.^&noo 
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[00281 T^'-fe7°^ v-y'm(Di$.&mmtm.i^mm 

10 0 2 9] «T-^fi§WMa-t-S^l|lclii*i|sf^ffii&f4-l!c 

[0 0 3 0] ftj^fitji-. pmt ^Mc^stt-r sgp^D^ojK 

[0 0 3 1] nM<^Si. 6H-SiCsgV^^iGaN SrStSi: LT 20 

[0 0 3 2] £j,±Am-mi^co'i^m^x^p nm-^mm 

10 0 3 3] m-<^>'^xngE^^Jg^i-5®^, m-& 

feffijfic^S^B^ir J;^, p njg-a-frAD^, Mi;in^«iJi::»$iJ 

[0 0 3 4] (Al.GO,In,.,N ^*i!^*W^$iJ»il'I# 

V>2,i£i^M^5fc*o (Al.Ga,J,In..,N mm^^&(Oy<>' 
mmi-i (Al.Ga,^) ,In,.,As^*ig^|-^ (Al.Ga,,) ,In,^ 

^K) h{^m-^(D:^7l)^:k^\>^tm^hi^^o L/i^L, (Al. 40 
Ga,J,In,-,N mm!^^Tl-ilElL<7>^^M&Aiitm-):k 

[ 0 0 3 5] -^(^--xDgf^^jr^fiic-r?,:®^, «*IJ^ 
ffiiJffi=i|iO:fc:#V>n^XTJ5pS(^3*S (ng. pg) Srl« 
I 0 0 3 6] ^S^co-^xaig-^^Jl^BK-rSJ^^. n MCO 
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M?^flHO::k#v^nmu«pM05^Sla^«^L, ^^(O-^ 

[0 0 3 7] (AKGa,.J,In,.,N mm't^^B<Dmmm'^i^ 

(D (Al.Ga,..)vIn.-,As^^MB^B-^(ALGa,-,) Jn,-,P ^ 
m^^B J: S ft: I— f-'iJ^^ K t mm. ^fflStl 

[0 0 3 8] ^Tom-^^nm-t^m^-hs 

[0 0 3 9] nmWrm(D^^ ]} TmAlt h'-t—^m^<D 
[004 0] 

m-r^o ((Al.Ga,JJnwN:0Sxgl,Ogy^l)¥^{^i 
Si, 6H-SiCRtK;aN «rffl ^ro^^T^iKS^)ll 

[0 0 4 1] (1) ■^yr-<7mm(om-B- 
¥<Dmm^m\^fz^mmxh^o mij-tJv^T. (oood 

J: "Df-yr-rrSffil cD*ffiir{t«LTV^fc;^-fk7K• 
[0 0 4 2] 1h7T^TS*Rl 600t:m 

^^T'l^fau. h y ;^5^yur/v5::=e7j.(TMA) ^t>'r>- 
^comm^w^Mfi m2^m^ir^„ m^. niA com 

^ro;^ASrihfe, S*E?fiStrl040t;^-e±lf. TMA, h JJ ;^ 
1) ^ A (TMG) RXl'>y > (SiH, ) LSI K- 

7°n^GaAlNM3 (n®) ^fijcSi--5o 
[0 0 4 3]— B., e7 3i/N^figfttp^»t,gKiptBL. GaAl 
N S 3 c^^E©— IfB^SiO, "C-^;^^ Lfc^. St/fiSS 

X'^i^-r^o 'iki^. TMG ^^?:gLT. Si0,T"7;=^^$ 
^XTV^/.eVNgp^|rJf $ 0.5/imroGaNS4 5r 
fi8;ft$-*So TMA B:U^t*;?l->^' D-^JV^xw-a:;! 

/U-^ ^, -> ^7 (CpsMg) ^ Jf f-ttif^ LT K-7^GaAlN @ 
5 (p)i) ^ 0. 5/imfi£gi-So 
[0 0 4 4] i!k\z.. -^y^^ t LXmm LfcSiOj ^^UiSg 
^aivy^^^' MiJ; I9|^,5fef So K-:7°GaA]N @ 



(5) 
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1 5KV 




1 2 Otf AfiU 




6 0 uTn4> 




2 9 7K 



[0 0 4 5] ^(d, K— :7^GaAlN®5 (pg) C0^.8(D 
Ui^t. Si K—P^n ^GaAlN g 3 (nS) tCl. ^n^* 

10 0 4 6] (2)si mm(Dm^ 

[0 0 4 7] ClcOtt, ^ft:^I^^-B.^S#^LT5fe^^ 

^ 600°Ct;iL. TMA ^t/NH3 ^W^gLTAlN ^*J» 1 0* 
3C-SiC^ill9 Jrid^^-r^o ^^^^^^ TMA (Dm'^^(D^^± 
i^mm^JS^ 1040''C\CLX. TMG,TMA S.t/SiH,Sr^?:& L 
Tn^GaAlNSl 1 (ng) ^^:&i-§o 
[0 0 4 8] TMA ^l/SiH, CO^^^CQ^t^g^JJii^GaN 

mi 2 (^ttS) ^ 0. 5 m m^S Mt/TMA 
Mg^;?)P;tMgK— :7"GaAlN if 1 3 (pg) ^ 0. 
i-5o MgK— :7'GaAlN «1 3 (pS) ^{ClSiOzg 

1 5^i«?SLycm. mimm^ «50 // mCO^W^^l::^. 1 5 
A^F?3tt, >^^^^{;::^LT. Mg K-^^GaAlN Si 

TTGaAlNlilS ( p J::>f^ri-^m® 1 4 A L. 
fiii:^^ S1ig8c7)K®{- nMGaAlN Mil (nil) KHH-f 

[0 0 4 9] (3)6H-SiC mWi<Dm'^ 
6H-SiCS1S±|;if^^ Lti I/— :t— K^H 3 {;i7j^ 
^fi:^g^a:nS^6H-SiC(7>(000l)B£^gl 6^^<SSt#t^ 

n SGaN JX^fiii 1 7 ?r 0.5- 1 // mS^figfti-^, ft 



f^, TMA ^APx.. nS^GaN 1 7 CO±(C: n l^GaAlN 

ill 8 (n») ^^5i-5c 
[0 0 5 0] ftt::, nMGaAlN ii 1 8<7>±{e:, mjlB<^Si 

SrfflV^T. [^-^fi^fiji-e, GaN S 1 9 (S 

tSii) ^ 0. 5/im. MgK— :7'GaAlN S2 0 (pjf) ^ 
a5/imC0/?^t::^ML/Co fti-^ Mg :7^GaAlN S 2 
0 ±{c:SiO,^ 2 2 ^mmi^tcm. m l mm, M50/i m(^)M 
ffB-*tl;i^2 2 A&Fj|tt> V/"<lC:5^LT. MgK- 

10 :/GaAlN;i2 0 (p^) (rm^^&figW LfCo m^i^<^ 

[0 0 5 1 ] ^<D'^^ SiOzM 2 2mt^h\^% K— :7'GaAlN 

Ji2 0 (pJi) J^*r-r5m^2 1 ASr?i?fi£U. £ 

tfil 6 (7)^B(c:nMGaAlN g 1 8 (ng) (d^-TSmffi 
2 1 B^Mf&VfZo 
[0 0 5 2] (4)GaNStSom'a^ 
GaN mm±lU1^f$, Lfzi \^—^^>{ ir— K?rE! 4 \z.7f^^, 
\^mK n ^GaN (0001) 2 3 ^ P 

20 SS2 s^^SfsfiKfi^fcl^gi-^o mz.. 

m^com. *^^U^NH3 10 4 0 

°C{;:LT. s^J-r^mM-r^o ftt-> TMG ^U^^SiH, 

i^M^XnmGaN 2 4^0.6 --1 rn(^ ?g 

[0 0 5 3] TMA ^;?jn^. n MGaAlN g 2 5 

S^iirfCo i*}::. nMGaANjf 2 6 CD±l^. fiuBE(5^Siate 

V>T. GaNg2 6 (StS 

m) ^ 0. 5/im. MgK— :7"GaAlN g2 7 (pg) ^0.5 
30 /zm(7:)J?${;i^^ft tfCc ft(-x MgK— y^GaAlN if 2 7 ± 

AiN;i2 7 (pg) cim^^^^R^.^Lfco mT-«i<^fig#t 

[0 0 5 4] ^(DWis Si02S2 9ffl;d^e5MgK— ^GaAlN 

ii2 7 (pg) \:iM't^mm2 8 A^Mf^i.. m^. m 

ti^2 3C0||Di{::n^GaAlN g2 5 (nil) It^Mir^mm 
2 8 B^?|^^L;^cio 

[0 0 5 5] ±t^(D\f^<Si'b(omj&(0 if K 
40 t,. mK\:iiSh^x t—f^MLtio 

—MM^i ( (Al .Ga, J rin ,->.N :0^x^l,0^y^l) 

im2] simm±\^i'^m \^ti:i^mm(DMm^^^-mmm 

l^fS ^ ( (A 1 ,Ga,-,) ,In ,-,N :0^x^l,0^y^l) ^ 

Mm {^i^^ 5 ( (Al,Ga,-J ,In,-,N :O^x^l,0^y^l)^^ 

50 mtt^^^-'^fv^ vcomi^^Tjk utwrnm. 



9 

im4] GaN mtR±\z.miLtz-A^^m(Dfi,m^:^j:-^m 

m\m^ ((AUGa..J,In,-,N:0^>:^l,0^y^l)^^^2» 

2,9, 1 7---A1N mwim 

3. 11, 18, 2 5---nMAlGaN ii (nil) 



imi] 




(6) mnW- 1 1 -3 4 6 0 3 2 
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*4, 12, 19, 2 6 - GaN ii (ffitS®) 

5, 1 3, 2 0, 2 7 --MgK— y^AlGaN ® (p®) 
7, 1 5, 2 2, 2 9*-'Si02il 

6 A, 14 A, 2 1 A, 2 8 A - m<^ (MgK— >^AlGaN 

6B, 14B, 2 1 B, 2 8 B--l:ffi (n^AlGaN Ji 
* (nil) \Z.Mi-^) 

[|D2] I 




40 gj8imi&*Mf|THE?f>'L> 1 T g 1 bas- 

sos 

S^m=fe*Smi&JCIB:#£WT-TS21 Sir 
■irfi::*Hia25-§-ffli505-§-^ 



